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(54) BELT FOR FIXING BREATHING STATE DETECTION SENSOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a low-cost belt for fixing 
a breathing state detection sensor capable of easily and securely 
mounting the breathing state detection sensor to a breathing 
moving body, and being repeatedly used. 

SOLUTION: The fixing belt 40 comprises a belt body 42 made 
from a cloth member capable of being wound around an examinee 
M such as a chino cloth (twill), a rubber member 44 for 
extensively and contractably displacing the fixing belt 40 in the 
longitudinal direction (arrow mark direction) to bring the fixing 
belt 40 into close contact with the examinee M, a pocket part 46 
for storing and holding a load cell 26, a first hook and loop 
fastener 48 for fixing the fixing belt 40 to the examinee M, and a 
second hook and loop fastener 49 for connecting with the first 
hook and loop fastener 48. 
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Japanese Laid-open Publication of Patent 2004-49797 

[TITLE OF THE INVENTION] A Fixing Belt for Respiratory Statue 
Detection Sensors 

[Abstract] 

[Problem to be resolved] It is an object of the present invention to 
provide a fixing belt for respiratory status detection sensor capable of easily 
and stably attaching the respiratory status detection sensor on a moveable 
organ and reusable and economical. 

[Means to solve the problem] The belt 40 includes a belt body 42 made of 
fabric such as chino-cloth (twilled fabric), a rubber member 44 capable of 
retracting the belt 40 in the longitudinal direction for closely contacting the 
belt 40 with the examinee M, a pocket 46 for holding a load cell 26 therein, a 
first hook-and-loop fastener 48 for fixing the belt 40 to the examinee M and a 
second hook-and-loop fastener 49 hooking with the first hook-and-loop 
fastener 48. 

[Selected figure] Fig. 2 

[CLAIM] 
[Claim 1] 

A fixing belt for a sensor detecting respiratory status of a movable 
respiratory organ comprising: 

a belt body wrapped around the movable respiratory organ; 

belt fixtures provided to both ends of the belt body for fixing the belt 
body onto the movable respiratory organ; 

an elastic member provided to a predetermined position of the belt 
body so that the belt body is in retractable to the longitudinal direction; and 

a pocket provided on the belt body so as to house the sensor therein; 
wherein the sensor is in contact with a region to be measured of the movable 
respiratory organ through the pocket. 
[Claim 2] 

The belt according to Claim 1, wherein the pocket comprises a lid member 
arranged at inlet of the sensor and a fixing member for fixing the lid member 
to the pocket. 
[Claim 3] 

The belt according to one of Claiml and Claim 2, wherein the pocket further 



comprises a sensor housing position indicator indicating the position of the 
sensor housed therein. 
[Claim 4] 

The belt according to one of Claiml and Claim 2, wherein the belt fixtures 
and /or the fixing member are made of a hook-and-loop fastener. 
[Claim 5] 

The belt according to any one of Claim 1 through Claim 5, wherein the belt 
body and the pocket are made of fabric and the elastic member is made of 
rubber member. 

[DETAILED DESCRIPTION OF THE INVENTION] 
[0001] 

[Field of the invention] This invention relates to a fixing belt for sensors 
detecting respiratory status of respiratory system. 
[0002] 
[Conventional art] 

Recently, computer-aided diagnosis apparatus such as CT (Computed 
Tomography) apparatus, CR (Computed Radiography) apparatus, and MRI 
(Magnetic Resonance Imaging) apparatus have been widely used in medical 
field. 

[0003] 

In order to improve the quality of images for breast and abdomen taken by 
these apparatus, it is desirable to suppress movement of the internal organs 
accompanying breathing of an examinee as much as possible. However, 
stopping spontaneous breathing temporarily on the occasion of photography 
has a subject's large corporal burden. It may be difficult for some 
examinees to stop spontaneous breathing temporarily. 
[0004] 

Such problems are not limited to the occasion of photography on an 
examinee. In a radiation therapy apparatus in which treat is performed by 
irradiating radiation at the affected part, it becomes difficult to irradiate 
radiation correctly at the affected part concerned if the affected part is 
unstable. 

[0005] 

In order to resolve such problems, apparatus that detect respiration status 
of the examinee, predict the positions of organs from the status and 
irradiating radiation at a predefined timing has been proposed. In this case, 



an apparatus using a distortion gauge disclosed in Patent laid-open 
publication Hei09-253226 is known as a sensor detecting respiratory state, 
for example. Fig. 7 is a diagram illustrating a method of fixing a distortion 
gauge 1 in the above-mentioned technology. The distortion gauge 1 is fixed 
on a part where can be moved such as abdomen of the examinee with a 
surgical tape 3. 
[0006] 

By the way when the distortion gauge 1 is fixed in that way it is necessary 
to sanitize the distortion gauge 1 each time after carrying out detection of 
respiratory state of the examinee and photography based on the respiratory 
state, and prior to fix the distortion gauge 1 to the subsequent examinee 
because the gauge 1 is in direct contact with examinee. Altho\igh preparing 
a plurality of distortion gauges 1 is also considered, since it is fairly 
expensive, such use of the distortion gauges 1 cause a problem on a cost rise. 
[0007] 

In the case of fixing the distortion gauge 1 on the examinee 2, there is a 
difficulty in work that becomes complicated. Such work requires wrapping 
adhesive tape 3 around both the gauge 1 and the examinee many times so 
that the gauge does not come off. In addition, such tape 3 tends to come off 
owing to the sweat of the examinee and rise of their body temperature. If 
the tape 3 separates, measurement accuracy decreases due to inappropriate 
position of the gauge 1. It is, therefore, the way of fixing the gauge 1 onto 
the examinee 2 by tape 3 is not adequate for measurement performed for a 
long period of time. 
[0008] 

[Problem to be solved] 

The present invention is made to resolve the above-mentioned problems, 
and the object of which is to provide a fixing belt for a sensor detecting 
respiratory status by which the respiratory status sensor can easily and 
reliably be fixed on the movable respiratory organ, moreover, capable of 
being reusable at a low cost. 
[0009] 

[Means for solving the problem] 



In order to resolve the above-mentioned problems, the present invention is 
a fixing belt for a sensor detecting respiratory status of a movable 
respiratory organ comprising: 

a belt body wrapped around the movable respiratory organ; 

belt fixtures provided to both ends of the belt body for fixing the belt 
body onto the movable respiratory organ; 

an elastic member provided to a predetermined position of the belt 
body so that the belt body is in retractable to the longitudinal direction; and 

a pocket provided on the belt body so as to house the sensor therein; 
wherein the sensor is in contact with a region to be measured of the movable 
respiratory organ through the pocket. 
[0010] 

The sensor detecting respiratory status is housed in the pocket provided on 
the belt body, and the belt body housing the sensor can easily be fixed onto 
the movable respiratory organ. By doing that way, there is less probability 
to come off the sensor and the measurement accuracy of the sensor may keep 
high. In addition, it is not necessary to sanitize the distortion gauge 1 each 
time after carrying out detection of respiratory state of the examinee because 
no direct contact of the sensor with the movable respiratory organ is made. 
[0011] 

Since the pocket comprises a lid member arranged at the inlet of the 
sensor and a fixing member for fixing the lid member to the pocket, the 
sensor does not easily come off from the pocket. It is preferable to use such 
pocket for the belt. 
[0012] 

The sensor can accurately be aligned with a desired part to be measured 
because the pocket comprises a sensor housing position indicator indicating 
the position of the sensor housed therein. 
[0013] 

Further, the belt fixtures and /or the fixing member are made of 
hook-and-loop fastener so that the accommodation of the sensor into the 
pocket and/or the work to fix the belt onto the movable respiratory organ can 
be done easily. 
[0014] 

Still further, by making the belt body and the pocket of a fabric and the 
elastic member of rubber member, the belt can be attached to any 



examinee, moreover, capable of being washable and reusable at a low cost. 
[0015] 

[Embodiment of the invention] 

Fig. 1 is an overall view of an image-photography system 10 for nuclear 
radiation of the present invention to which a fixing belt for respiration 
status detection sensor is applied. 
[0016] 

The image-photography system for nuclear radiation 10 comprises an 
x-ray control device 11, a high voltage generation device 13 generating 
high voltages based on shot signals supplied from the x-ray control device 
11, a bed 12 capable of repositioning toward an arrow A in a state where it 
laid an examinee M (movable respiratory organ), an x-ray source 14 
irradiating x-rays to the examinee M based on the high voltages supplied 
from the high voltage generation device 13, an x-ray detector 16 detecting 
x-rays transmitting through the examinee M, a data collection device 18 
collecting examinee transmission data based on the x-rays detected by the 
x-ray detector 16, an image reconstruction device 20 reconstructing 
tomography images of the examinee M from the collected examinee 
transmission data, an image display device 22 displaying the 
reconstructed images on a CRT (Cathode Ray Tube) and the like and a 
synchronization signal generation device 24 generating synchronizing 
signals for determining irradiation timing of x-rays by the x-ray source 14. 

Each of the x-ray source 14 and the x-ray detector 16 can be turned in an 
arrow B, and these mechanisms consist of CT (Compxited Tomography) 
apparatus. 
[0017] 

The synchronizing signal generation device 24 is connected to a load cell 26 
(respiratory status sensor) and a respiratory control device 30. The load cell 
26 is connected to vicinity of diaphragm and the abdomen of the examinee M 
in the state where it is held on the belt 40 and having a signal cable 25 for 
detecting respiratory status of the examinee M. The respiratory control 
device 30 is connected to a mask 26 put on the mouse of the examinee M and 
controls respiratory status of the examinee M and having a flow sensor 
detecting the respiratory status as air-flow signals. 
[0018] 

Here, the belt 40 basically includes a belt body 42, a rubber member 44 



(elastic member), a pocket 46, a first hook-and-loop fastener 48 (belt fixture) 
and a second hook-and-loop fastener 49 (belt fixture). The belt body 42is 
made of fabric such as chino-cloth (twilled fabric). The rubber member 44 is 
capable of retracting the belt 40 in the longitudinal direction (in a direction 
of the arrow shown in Fig. 2). The pocket 46 holds the load cell 26. The 
first hook-and-loop fastener 48 is for fixing the belt 40 to the examinee M. 
The second hook-and-loop fastener 49 hooks to the first hook-and-loop 
fastener 48. 
[0019] 

The belt body 42 comprises inner members 50a 50b which directly contact to 
vicinity of diaphragm of the examinee M and outer members 52a, 52b both 
does not contact directly to the examinee M, and both members are unified 
by sewing in the state where the rubber member 44 is sandwiched between 
the inner members 50a 50b and the outer members 52a, 52b as shown in Fig. 
3. 

[0020] 

The first hook-and-loop fastener 48 is arranged at an end separated from 
the rubber member 44 of the inner member 50a and the pocket 46 holding 
the load cell 26 is disposed on another end separated from the rubber 
member 44 of the inner member 50a as shown in Fig. 4. 
[0021] 

Also, the second hook-and-loop fastener 49 hooked to the first hook-and-loop 
fastener 48 is arranged on another end separated from the rubber member 
44 of the outer member 52a as shown in Fig. 5. 
[0022] 

As shown in Fig. 6, the pocket 46 comprises a pocket body 60 made of a 
fabric having a thickness less influence to the measurement accuracy of the 
load cell 26. The pocket body 60 has a load cell housing 64 which house the 
load cell 26 and the housing is fixed to the pocket so that three outer sides 
thereof are stitched to the body pocket together with the inner member 50a. 
The portion unstitched to the inner member 50 a of the pocket body 50 forms 
a load cell slot 66. 
[0023] 

A lid member 70 for preventing the load cell to come off from the load cell 
housing 64 is provide to the load cell slot 66 of the pocket body 60. The first 
hook-and-loop fastener 72 (fixing member) is arranged on the lid member 70, 



and such first hook-and-loop fastener 72 is hooked to the second 
hook-and-loop fastener 74 (fixing member) arranged on a side of the load cell 
slot 66 of the pocket body 60. 
[0024] 

A reference mark 76 (sensor housing position indicator) indicating the best 
measuring position of the load cell 26 housed within the load cell housing 64 
is provided at substantially the center of the pocket body 60 with a printed- 
mark and the like. 
[0025] 

Basically, the image-photography system for nuclear radiation 10 is 
constructed under the above-described, the operation of which will be 
described hereunder. 
[0026] 

At first, the load cell 26 is inserted into the load cell housing 64 throxigh the 
load cell slot 66 of the pocket 46 of the belt 40 and holds the cell there as 
shown in Fig. 6. Subsequently, the first hook-and-loop fastener 72 of the lid 
member 70 and the second hook-and-loop fastener 74 of the pocket body 60 
are hooked. In this case, there may be no possibility to fall the load cell 26 
off from the load cell housing 64 because the load cell slot 66 is covered with 
the lid member 7. 
[0027] 

Subsequently, as shown in Fig. 2, the belt 40 housing the load cell 26 in the 
pocket 46 is attached vicinity of the diaphragm. In other words, the pocket 
body 60 is attached to the examinee M using the reference mark provided 
thereon as a giiide so that the load cell 26 may suit the optimal position for 
measuring a respiratory state. After wrapping the belt 40 for fixation vicinity 
of the diaphragm of the examinee M or other appropriate place, the belt 40 is 
fixed by hooking the first hook-and-loop fastener 48 with the second 
hook-and-loop fastener 49. In this case, since the rubber member 44 is 
provided on the belt 40, such belt 40 is not influenced by body type of the 
examinee M, and the belt 40 can be equipped on it in a good condition. 
[0028] 

Measurement signals of the respiratory state of the examinee M is 
outputted to the synchronization signals generating device 24 when the load 
cell 26 is urged after the examinee M to whom the belt 40 is attached to 
vicinity of their diaphragm lies down on a bed 12. The synchronization 



signals generating device 24 which receives the measurement signals 
generates respiratory synchronization signals from the measurement signals 
and supplies the signals to the x-ray control device 11. Upon receiving the 
signals, such x-ray control device 11 outputs a shot signal to the high voltage 
generation device 13. The high voltage generation device 13 drives the 
x-ray source 14 based on the supplied shot signal so that x-rays are 
irradiated to the examinee M. 
[0029] 

The x-ray detector 16 arranged opposing the x-ray source 14 obtains 
examinee penetration data by detecting x-rays penetrating the examinee M. 
This examinee penetration data is collected by the data collection device 18 
and transferred to the image reconstruction device 20 and then 
reconstructing tomography images of the examinee M. The reconstructed 
tomography images are displayed on the display device 22 for diagnosis. 
[0030] 

Once reconstruction of the tomography images is completed, the belt 40 is 
taken away from vicinity of the diaphragm of the examinee M. Such 
removed belt 40 is washable after unloading the load cell 26 from the pocket 
46. In that case, since the belt 40 is made of fabric and rubber member, 
such belt 40 is easy to wash, reusable and economical. 
[0031] 

On the other hand, the load cell 26 never contact directly to the examinee M 
since the cell 26 is held on the belt 40. As a consequence, it is not necessary 
to sanitize the load cell 26 whenever examinee replaces when tomography 
images of examinees are taken. 
[0032] 

Even if it is a case as the examinee M wears underwear, the load cell 26 can 
be equipped with the belt 40 on the underwear, and the load cell 26 can 
detect the respiratory state of the examinee M with high precision since the 
load cell 26 is arranged on the examinee M in a state where the cell 26 is held 
on the belt 40. 
[0033] 

In the above-described embodiments, a double-structured belt consist of the 
inner members 50a, 50b and the outer members 52a, 52b are disclosed, but 
the structure of the belt 40 may also be single structured belt consist each of 
he inner members 50a, 50b and the outer members 52a, 52b. 



[0034] 

Further, the reference mark 76 provided on the pocket 46 may be made any 
shape, color, material as appropriate as long we it indicates a housing 
position of the load cell 26. 
[0035] 

[Advantages of the invention] 

The fixing belt for according to the present invention for a sensor detecting 
respiratory status is capable of easily and stably attaching the respiratory 
sensor to an examinee M for a long period of time as well as it can reusable 
and economical/ 

[Brief description of the drawings] 
[Fig. 1] 

FIG. 1 is an overall view of an image-photography system for nuclear 
radiation of the present invention to which a fixing belt for respiration status 
detection sensor is applied. 
[Fig. 2] 

FIG. 2 is a perspective diagram for describing the structure of the fixing belt 
for respiration status detection sensor. 
[Fig. 3] 

FIG. 3 is an exploded perspective diagram for describing the structure of the 
fixing belt for respiration status detection sensor. 
[Fig. 4] 

FIG. 4 is a plan view illustrating members located on the inner side of the 
fixing belt for respiration status detection sensor. 
[Fig. 5] 

FIG. 5 is a plan view illustrating members located on the outer side of the 
fixing belt for respiration status detection sensor. 
[Fig. 6] 

FIG. 6 is a perspective diagram for describing detailed structure of a pocket 
of the fixing belt for respiration status detection sensor. 
[Fig.7] 

FIG. 7 is a diagram illustrating a method of fixing a distortion gauge 1 
according to a conventional technology. 

[Description of the reference numerals] 
10: image-photography system for nuclear radiation 
24: synchronization signal generating device 



26: load cell 
40: fixing belt 
42: main part of belt 
44: rubber member 
46: pocket 

48: first hook-and-loop fastener 

49: second hook-and-loop fastener 

50a 50b: inner members 

52a, 52b: outer members 

60: pocket body 

64: load cell housing 

66: load cell slot 

70: lid member 

72: first hook-and-loop fastener 
74: second hook-and-loop fastener 
76: reference mark 
M: examinee 
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